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Abstract
A set-labeling of a graph G is an injective set-valued function f : V (G)→
P(X), where X is a finite set and P(X) be its power set. A set-indexer of
G is a set-labeling such that the induced function f⊕ : E(G)→ P(X)− {∅}
defined by f⊕(uv) = f(u)⊕f(v) for every uv∈E(G) is also injective. Let G
be a graph and let X be a non-empty set. A set-indexer f : V (G) → P(X)
is called a set-graceful labeling of G if f⊕(E(G)) = P(X)− {∅}. A graph G
which admits a set-graceful labeling is called a set-graceful graph. An integer
additive set-labeling is an injective function f : V (G)→ P(N0), N0 is the set
of all non-negative integers and an integer additive set-indexer is an integer
additive set-labeling such that the induced function f+ : E(G) → P(N0)
defined by f+(uv) = f(u)+f(v) is also injective. In this paper, we introduce
the notion of integer additive set-graceful labeling of graphs analogous to the
set-graceful labeling of graphs and study certain properties and characteristics
of the graphs which satisfy this type of set-labeling.
Key words: Integer additive set-indexed graphs, set-graceful graphs, integer ad-
ditive set-graceful graphs.
AMS Subject Classification : 05C78
1 Introduction
For all terms and definitions, not defined specifically in this paper, we refer to [7],
[8], [14] and [20]. For more about graph labeling, we refer to [9]. Unless mentioned
otherwise, all graphs considered here are simple, finite and have no isolated vertices.
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2 A Study on Integer Additive Set-Graceful Graphs
The researches on graph labeling problems commenced with the introduction of
β-valuations of graphs in [16]. Analogous to the number valuations of graphs, the
concepts of set-labelings and set-indexers of graphs are introduced in [3] as follows.
Let X be a non-empty set and P(X) be its power set. A set-labeling of a graph G
with respect to the set X is an injective set valued function f : V (G)→ P(X) with
the induced edge function f+(E(G)) → P(X) is defined by f+(uv) = f(u) ⊕ f(v)
for all uv ∈ E(G), where P(X) is the set of all subsets of X and ⊕ is the symmetric
difference of sets. A set-labeling of G is said to be a set-indexer of G if the induced
edge function f+ is also injective. A graph which admits a set-labeling (or a set-
indexer) is called a set-labeled (or set-indexed) graph. It is proved in [3] that every
graph has a set-indexer.
A set-indexer f : V (G) → P(X) of a given graph G is said to be a set-graceful
labeling of G if f⊕(E(G)) = P(X) − {∅}. A graph G which admits a set-graceful
labeling is called a set-graceful graph.
The sumset of two non-empty sets A and B, denoted by A+B, is the set defined
by A + B = {a + b : a ∈ A, b ∈ B}. If either A or B is countably infinite, then
their sumset A + B is also countably infinite. Hence all sets we consider here are
non-empty finite sets. If C = A+B, where A 6= {0} and B 6= {0}, then A and B are
said to be the non-trivial summands of the set C and C is said to be a non-trivial
sumset of A and B. Using the concepts of sumsets, the notion of integer additive
set-labeling of a given graph G is defined as follows.
Definition 1.1. Let N0 be the set of all non-negative integers. Let X ⊆ N0 and
P(X) be its power set. An integer additive set-labeling (IASL, in short) of a graph G
is an injective function f : V (G)→ P(X) whose associated function f+ : E(G)→
P(X) is defined by f+(uv) = f(u) + f(v), uv ∈ E(G). A graph G which admits an
integer additive set-labeling is called an integer additive set-labeled graph. (IASL-
graph).
Definition 1.2. [12], [13] An integer additive set-labeling f is said to be an integer
additive set-indexer (IASI, in short) if the induced edge function f+ : E(G)→ P(X)
defined by f+(uv) = f(u)+f(v) is also injective. A graph G which admits an integer
additive set-indexer is called an integer additive set-indexed graph.
By an element of a graph G, we mean a vertex or an edge of G. The cardinality
of the set-label of an element of a graph G is called the set-indexing number of that
element. An IASL (or an IASI) is said to be a k-uniform IASL (or k-uniform IASI)
if |f+(e)| = k ∀ e ∈ E(G), where k is a positive integer. The vertex set V (G) is
called l-uniformly set-indexed, if all the vertices of G have the set-indexing number
l.
With respect to an integer additive set-labeling (or integer additive set-indexer)
of a graph G, the vertices of G has non-empty set-labels and the set-labels of every
edge of G is the sumsets of the set-labels of its end vertices and hence no element
of a given graph can have ∅ as its set-labeling. Hence, we need to consider only
non-empty subsets of X for set-labeling the vertices or edges of G. Hence, all sets
we mention in this paper are finite sets of non-negative integers. We denote the
cardinality of a set A by |A|. We denote, by X, the finite ground set of non-negative
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integers that is used for set-labeling the vertices or edges of G and cardinality of X
by n.
In this paper, analogous to the set-graceful labeling of graphs, we introduce the
notion of an integer additive set-graceful labeling of a given graph G and study its
properties.
2 Integer Additive Set-Graceful Graphs
Certain studies have been done on set-graceful graphs in [3], [4], [5] and [6]. Moti-
vated by these studies we introduce the notion of a graceful type of integer additive
set-labeling as follows.
Definition 2.1. Let G be a graph and let X be a non-empty set of non-negative
integers. An integer additive set-indexer f : V (G) → P(X) − {∅} is said to be
an integer additive set-graceful labeling (IASGL) or a graceful integer additive set-
indexer of G if f+(E(G)) = P(X)− {∅, {0}}. A graph G which admits an integer
additive set-graceful labeling is called an integer additive set-graceful graph (in short,
IASG-graph).
As all graphs do not admit graceful IASIs in general, studies on the structural
properties of IASG-graphs arouse much interest. The choice of set-labels of the
vertices or edges of G and the corresponding ground set is very important to define
a graceful IASI for a given graph.
A major property of integer additive set-graceful graphs is established as follows.
Property 2.2. If f : V (G)→ P(X)−{∅} is an integer additive set-graceful labeling
on a given graph G, then {0} must be a set-label of one vertex of G.
Proof. If possible, let {0} is not the set-label of a vertex in G. Since X is a non-
empty subset of the set N0 of non-negative integers, it contains at least one element,
say x, which is not the sum of any two elements in X. Hence, {x} can not be the
set-label of any edge of G. This is a contradiction to the hypothesis that f is an
integer additive set-graceful labeling.
Examining the above mentioned property of IASG-graphs, it can be understood
that if an IASL f : V (G)→ P(X)− {∅} of a given graph G is an integer additive
set-graceful labeling on G, then the ground set X must contain the element 0. That
is, only those sets containing the element 0 can be chosen as the ground sets for
defining a graceful IASI of a given graph.
Another trivial but an important property of certain set-labels of vertices of an
IASG-graph G is as follows.
Property 2.3. Let f : V (G) → P(X) − {∅} be an integer additive set-graceful
labeling on a given graph G. Then, the vertices of G, whose set-labels are not the
non-trivial sumsets of any two subsets of X, must be adjacent to the vertex v that
has the set-label {0}.
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Proof. Let Ai 6= ∅ be a subset of X that is not a non-trivial sumset of any two
subsets of X. But since f is an IASGL of G, Ai must be the set-label of some
edge of G. This is possible only when Ai is the set-label of some vertex vi that is
adjacent to the vertex v whose set-label is {0}.
Invoking Property 2.3, we have the following remarks.
Remark 2.4. Let xi ∈ X be not the sum of any two elements in X. Since, f is
an integer additive set-graceful labeling, {xi} must be the set-label of one edge, say
e of G. This is possible only when one end vertex of e has the set-label {0} and the
other end vertex has the set-label {xi}.
Remark 2.5. Let f : V (G) → P(X) − {∅} be an integer additive set-graceful
labeling on a given graph G and let x1 and x2 be the minimal and second minimal
non-zero elements of X. Then, by Remark 2.4, the vertices of G that have the
set-labels {x1} and {x2}, must be adjacent to the vertex v that has the set-label
{0}.
Property 2.6. Let Ai and Aj are two distinct subsets of the ground set X and let
xi and xj be the maximal elements of Ai and Aj respectively. Then, Ai and Aj are
the set-labels of two adjacent vertices of an IASG-graph G is that xi + xj ≤ xn, the
maximal element of X.
Proof. Let v be a vertex of G that has a set-label Ai whose maximal element xi.
If v is adjacent to a vertex, say u, with a set-label Aj whose maximal element is
xj, then f
+(uv) contains the element xi + xj. Therefore, xi + xj ∈ X. Hence,
xi + xj ≤ xn.
In view of Property, we can observe the following remarks.
Remark 2.7. Let f : V (G) → P(X) − {∅} be an integer additive set-graceful
labeling on a given graph G and let xn be the maximal element of X. If Ai and Aj
are set-labels of two adjacent vertices, then Ai + Aj is the set-label for the edge.
Hence for any xi ∈ Ai, xj ∈ Aj, xi + xj ≤ xn and hence, if one of the set is having
the maximal element, then the other can not have a non-zero element. Hence, xn
is an element of the set-label of a vertex v of G if v is a pendant vertex that is
adjacent to the vertex labeled by {0}. It can also be noted that if G is a graph
without pendant vertices, then no vertex of G can have a set-label consisting of the
maximal element of the ground set X.
The following results establish the relation between the size of an IASG-graph
and the cardinality of its ground set.
Remark 2.8. Let f be an integer additive set-graceful labeling defined on G. Then,
f+(E) = P(X)−{∅, {0}}. Therefore, |E(G)| = |P(X)|−2 = 2|X|−2 = 2(2|X|−1−1).
That is, G has even number of edges.
Remark 2.9. Let G be an IASG-graph, with an integer additive set-graceful label-
ing f . By Remark 2.8, |E(G)| = 2|X| − 2. Therefore, the cardinality of the ground
set X is |X| = log2[|E(G)|+ 2].
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The conditions for certain graphs and graph classes to admit a integer additive
set-graceful labeling are established in following discussions.
Theorem 2.10. A star graph K1,m admits an integer additive set-graceful labeling
if and only if m = 2n − 2 for any integer n > 1.
Proof. Let v be the vertex of degree d(v) > 1. Let m = 2n− 2 and {v1, v2, . . . , vm},
be the vertices in K1,m which are adjacent to v. Let X be a set of non-negative
integers containing 0.
First, assume that K1,m admits an integer additive set-graceful labeling, say f .
Then, by Remark 2.8, |E(G)| = m = 2|X| − 2. Therefore, m = 2n − 2, where
n = |X| > 1.
Conversely, assume that m = 2n − 2 for some integer n > 1. Label the vertex
v by the set {0} and label the remaining m vertices of K1,m by the remaining
m distinct non-empty subsets of X. Clearly, this labeling is an integer additive
set-graceful labeling for K1,m. This completes the proof.
The following theorem checks whether a tree can be an IASG-graph.
Proposition 2.11. If a tree on m vertices admits an integer additive set-graceful
labeling, then 1 +m = 2n, for some positive integer n > 1.
Proof. Let G be a tree on m vertices. Then, |E(G)| = m − 1. Assume that G
admits an integer additive set-graceful labeling, say f . Then, by Remark 2.8, for a
ground set X of cardinality n, then m− 1 = 2|X| − 2. Hence, m+ 1 = 2|X|.
Corollary 2.12. Let G be a tree on m vertices. For a ground set X, let f : V (G)→
P(X) be be an integer additive set-graceful labeling on G. Then, |X| = log2(m+1).
Proof. Let G be a tree which admits an IASGL. Then, by Theorem 2.11, we have
m + 1 = 2|X|, where X is the ground set for labeling the vertices and edges of
graphs. Hence, |X| = log2(m+ 1).
Theorem 2.13. A tree G is an IASG-graph if and only if it is a star K1, 2n−2, for
some positive integer n.
Proof. If G = K1,2n−2, then by Theorem 2.10, G admits an integer additive set-
graceful labeling. Conversely, assume that the tree G on m vertices admits an
integer additive set-graceful labeling, say f with respect to a ground set X of
cardinality n. Therefore, all the 2n − 1 non-empty subsets of X are required for
labeling the vertices of X. Also, note that {0} can not be a set-label of any edge
of G. Hence, all the remaining 2n − 2 non-empty subsets of X are required for the
labeling the edges of G.
It is to be noted that the set-labels containing 0 are either the the sumsets
of some other set-labels containing 0 or not a sumset of any subsets of X. Let
0 ∈ Ai ⊆ X be the set-label of an edge,say e, of G. Then, if Ai is not a sumset of
subsets of X, by Property 2.3, then Ai must be the set-label of a vertex, say u, that
is adjacent to the vertex v having set-label {0}. Assume that Ai is the sum set of
two sets Ar and As. If e = vrvs, where Ar and As are respectively the set-labels of
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vr and vs, then e will be an edge of G which is in a of cycle of G, a contradiction to
the fact that G is a tree. Therefore, vertices, whose set-labels containing 0, must
be adjacent to the vertex v which has the set-label {0}.
Also, note that, by Remark 2.7, the vertices, whose set-labels containing the
maximal element xn of X must also be adjacent to the vertex labeled by {0}.
Let Xi be a subset of X which contains either 0 or xn and let vi be the vertex
of G that has the set-label Xi. Then, the set-label of the edge vvi is also Xi. Let
Xj be a subset of X that contains neither 0 nor xn and is the set-label of an edge e
of G. Then, if Xj is not a sumset in P(X), then Xj must be the set-label of vertex
which is adjacent to the vertex v having the set-label {0}. If Xj is the sumset of two
subsets Xr and Xs and e = vrvs, where Xr and Xs are respectively the set-labels of
vr and vs, then as explained above, the edge e will be in a cycle of G, a contradiction
to the fact that G is a tree. Therefore, Xj must be the set-label of vertex which is
adjacent to the vertex v having the set-label {0}.
Hence, all vertices of G having non-empty subsets of X, other than {0}, as the
set-labels must be adjacent to the vertex v having set-label {0}. Hence, G is a star
graph deg(v) = 2n − 2.
We now check the admissibility of integer additive set-graceful labeling by path
graphs and cycle graphs.
Corollary 2.14. For a positive integer m > 2, the path Pm does not admit an
integer additive set-graceful labeling.
Proof. Every path is a tree and no path other than P2 is a star graph. Hence, by
Theorem 2.13, Pm, m > 2 is not an IASG-graph.
Proposition 2.15. For any positive integer m > 3, the cycle Cm does not admit
an integer additive set-graceful labeling.
Proof. Let X be a ground set with n elements. Since Cm has m edges, by Remark
2.8,
m = 2n − 2 (2.0.1)
Since Cm has no pendant vertices, by Proposition 2.7, the maximal element, say xn,
will not be an element of any set-label of the vertices of Cm. Therefore, only 2
n−1−1
non-empty subsets of X are available for labeling the vertices of Cm. Hence,
m ≤ 2n−1 − 1 (2.0.2)
Clearly, Equation 2.0.1 and Equation 2.0.2 do not hold simultaneously. Hence,
Cm does not admit an integer additive set-graceful labeling.
An interesting question we need to address here is whether complete graphs
admit integer additive set-graceful labeling. We investigate the conditions for a
complete graph to admit an integer additive set-graceful labeling and based on
these conditions check whether the complete graphs are IASG-graphs.
Theorem 2.16. A complete graph Km, does not admit an integer additive set-
graceful labeling.
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Proof. Since K2 has only one edge and K3 has three edges, by Remark 2.8, K2 and
K3 do not have an integer additive set-graceful labeling. Hence, we need to consider
the complete graphs on more than three vertices.
Assume that a complete graph Km,m > 3 admits an integer additive set-graceful
labeling. Then, by Remark 2.8, |E(G)| = 2|X| − 2 = m(m−1)
2
. That is, 2|X|−1 − 1 =
m(m−1)
4
. Since |X| > 1, 2|X|−1−1 is a positive integer. Hence, m(m−1) is a multiple
of 4. This is possible only when either m or (m− 1) is a multiple of 4.
Since |X| > 1, 2|X|−1 − 1 is a positive odd integer. Hence, for an odd integer
k, either m = 4k or m − 1 = 4k. Therefore, 2|X|−1 − 1 = 4k(4k−1)
4
= k(4k − 1)
or 2|X|−1 − 1 = 4k(4k−1)
4
= k(4k + 1). That is, 2|X|−1 = 1 + k(4k ± 1). That is, if
a complete graph Km admits an integer additive set-graceful labeling, then there
exist an integral solution for the equation
4k2 ± k + 1 = 2n (2.0.3)
where k is an odd non-negative integer and n > 3 be a positive integer.
The equation (2.0.3) can be written as a quadratic equation as follows.
4k2 ± k + (1− 2n) = 0 (2.0.4)
The value of k is obtained from (2.0.4) as k =
±1±
√
1−16(1−2n)
8
= ±1±
√
2n+4−15
8
, which
can not be a non-negative integer for the values n > 3. Hence, Km does not admit
an integer additive set-graceful labeling.
In this context, we need to find the conditions required for the given graphs to
admit IASGLs. The structural properties of IASGL graphs are discussed in the
following results.
Proposition 2.17. Let G be an IASG-graph. Then, the minimum number of ver-
tices of G that are adjacent to the vertex having the set-label {0} is the number of
subsets of X which are not the non-trivial sumsets of any subsets of X.
Proof. Let G admits an integer additive set-graceful labeling f . Then, f+(E(G)) =
P(X) − {∅, {0}}. Let Xi be a non-empty subset of X, which is not a non-trivial
sumset of any other subsets of X. Since G is an IASG-graph, Xi should be the
set-label of some edge of G. Since Xi is the set-label of edges of G and is not a
non-trivial sumset any two subsets of G, this is possible only when Xi is the set-
label of some vertex of G which is adjacent to the vertex v whose set-label is {0}.
Therefore, the minimum number of vertices adjacent to v is the number of subsets
of X which are not the sumsets of any two subsets of X.
Another important structural property of an IASG-graph is established in the
following theorem.
Theorem 2.18. If a graph G admits an IASGL f with respect to a finite ground
set X, then the vertices of G, which have the set-labels which are not non-trivial
summands of any subset of X, are the pendant vertices of G.
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Proof. Let f be an IASGL defined on a given graph G. Then, every subset of X,
other than ∅ and {0}, must be the set-label of some edges of G. Let Xi be not a
non-trivial summand of any subset of X. Then, the vertex vi with set-label Xi can
not be adjacent to any other vertex vj with set-label Xj, where Xj 6= {0} as the
set-label of the edge vivj is Xi + Xj which is not a subset of X. Hence, vi can be
adjacent only to the vertex v having the set-label {0}.
Invoking the above theorems, we can establish the following result.
Theorem 2.19. If G is an IASG-graph, then at least k pendant vertices must be
adjacent to a single vertex of G, where k is the number of subsets of X which are
neither the non-trivial sumsets of subsets of X nor the non-trivial summands of any
subset of X.
Proof. Let f be an IASGL defined on a given graph G. Then, every subset of X,
other than ∅ and {0}, must be the set-label of some edges of G. If Xi is not a
sumset of any two subsets of X, then by Proposition 2.17, the vertex viof G with
the set-label Xi will be adjacent to the vertex v with the set-label {0}. If Xi is not
a non-trivial summand of any subset of X, then by 2.18, the vertex vi will be a
pendant vertex. Therefore, the minimum number of pendant vertex required for a
graph G to admit an IASGL is the number of subsets of X which are neither the
non-trivial sumset of any two subsets of X nor the non-trivial summands of any
subset of X.
The following result is an immediate consequence of the above theorems.
Theorem 2.20. Let G be an IASG-graph which admits an IASGL f with respect
to a finite non-empty set X. Then, G must have at least |X| − 1 pendant vertices.
Proof. Let A graph G admits an IASL, say f with respect to a ground set X =
{0, x1, x2, . . . , xn}. By Theorem 2.19, the number of pendant vertices is equal to the
number of subsets of X which are neither the non-trivial sumsets nor the non-trivial
summands of any subsets ofX. Clearly, the set {0, xn} is neither a sumset of any two
subsets in X nor a non-trivial summand of any set in X. By Property 2.7, the vertex
of G with set-label {0, xn} can be adjacent to a single vertex that has the set-label
{0}. Now, consider the three element sets of the form Xi = {0, xi, xn}; 1 ≤ i < n.
If possible let, the set Xi be the sumset of two subsets say A and B of X. Then, A
and B can have at most two elements. Since 0 ∈ Xi, 0 must belong to both A and
B. Hence, let A = {0, a} and {0, b}. Then, Xi = A + B = {0, a, b, a + b} which is
possible only when a = b and hence A = B and it contradicts the injectivity of f .
Therefore, Xi is not a sumset of any other subsets of X. Since xn ∈ Xi, by Property
2.7, it can not be a non-trivial summand of any subset of X. Therefore, Xi can be
the set-label of a pendant vertex of G only. The number of three element subsets of
X of this kind is n− 1. It is to be noted that be that a subset {0, xi, xj, xn} can be
a sumset of two subsets {0, xi} and {0, xj} of X if xn = xi+xj. This property holds
for all subsets of X with cardinality greater than 3. Hence, the minimum number
of subsets of X which are neither the non-trivial sumsets of any two subsets of X
nor the non-trivial summands of any other subsets of X is n = |X| − 1. Hence,
by Theorem 2.19, the minimum number of pendant vertices of an IASG-graph is
|X| − 1.
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An interesting question that arises in this context is about the existence of a
graph corresponding to a given ground set X such that the function f : V (G) →
P(X) is a graceful IASI on G. Hence we introduce the following notion.
Definition 2.21. Let X be a non-empty finite set of non-negative integers. A
graph G which admits a graceful IASI with respect to the set X is said to be a
graceful graph-realisation of the set X with respect to the IASL f .
It can be noted that a star graph K1,2|X|−2 admits an IASGL. The question
whether there is a non-bipartite graph that admits an IASGL with respect to a
given ground set X is addressed in the following theorem.
Theorem 2.22. Let X be a non-empty finite set of non-negative integers containing
the element 0. Then, there exists a non-bipartite graceful graph-realisation G.
Proof. Let X be a finite non-empty set of non-negative integers containing 0. Let
A be the collection of all subsets of X which are not the non-trivial sumsets of any
two subsets of X and let B be the collection of subsets of X which are not the
non-trivial summands of any subsets of X. We need to construct an IASG-graph G
with respect to X. For this, first take a vertex, say v0 and label this vertex by {0}.
Now, mark the vertices v1, v2, . . . vr, where r = |A ∪ B| and label these vertices in
an injective manner by the sets in A∪B. In view of Proposition 2.17 and Theorem
2.18, draw the edges from each of these vertices to the vertex v0. Next, mark new
vertices vr+1, vr+2, . . . , vr+l = vn, where l = |(A∪B)c| and label these vertices in an
injective manner by the sets in (A ∪ B)c. Draw edges between the vertices vi and
vj, if f(vi) + f(vj) ⊆ X, for all 0 ≤ i, j ≤ |V |. Clearly, this labeling is an IASGL
for the graph G constructed here.
Invoking all the above results, we can summarise a necessary and sufficient
condition for a graph G to admit a graceful IASI with respect to a given ground set
X.
Theorem 2.23. Let X be a non-empty finite set of non-negative integers. Then, a
graph G admits a graceful IASI if and only if the following conditions hold.
(a) 0 ∈ X and {0} be a set-label of some vertex, say v, of G
(b) the minimum number of pendant vertices in G is the number of subsets of X
which are not the non-trivial summands of any subsets of X.
(c) the minimum degree of the vertex v is equal to the number of subsets of X
which are not the sumsets of any two subsets of X and not non-trivial sum-
mands of any other subsets of X.
(d) the minimum number of pendant vertices that are adjacent to a given vertex
of G is the number of subsets of X which are neither the non-trivial sumsets
of any two subsets of X nor the non-trivial summands of any subsets of X.
Proof. The necessary part of the theorem follows together from Property 2.3, Propo-
sition 2.17, Theorem 2.18 and 2.19 and the converse of the theorem follows from
Theorem 2.22.
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3 Conclusion
In this paper, we have discussed the concepts and properties of integer additive
set-graceful graphs analogous to those of set-graceful graphs and have done a char-
acterisation based on this labeling.
We note that the admissibility of integer additive set-indexers by the given
graphs depends also upon the nature of elements in X. A graph may admit an
IASGL for some ground sets and may not admit an IASGL for some other ground
sets. Hence, choosing a ground set X is very important in the process of checking
whether a given graph is an IASG-graph.
Certain problems in this area are still open. Some of the areas which seem to
be promising for further studies are listed below.
Problem 3.1. Characterise different graph classes which admit integer additive
set-graceful labelings.
Problem 3.2. Verify the existence of integer additive set-graceful labelings for
different graph operations and graph products.
Problem 3.3. Analogous to set-sequential labelings, define integer additive set-
sequential labelings of graphs and their properties.
Problem 3.4. Characterise different graph classes which admit integer additive
set-sequential labelings.
Problem 3.5. Verify the existence of integer additive set-sequential labelings for
different graph operations and graph products.
The integer additive set-indexers under which the vertices of a given graph are
labeled by different standard sequences of non negative integers, are also worth
studying. All these facts highlight a wide scope for further studies in this area.
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